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EXPERIMENTAL INVESTIGATION 
OF PRESSURE DROP IN VALVE PORTS AND CONDUITS 
OF HERMETIC COMPRESSORS 
Andrew W. Paczuski, M.S. 
Principal Engineer 
Bristol Compressors, Bristol, Va. 
ABSTRACT 
Method of measurement of pressure drop in ports of 
hermetic compressor under discharge pressure is 
presented. ?,22 gas at 298 psig and 215QF condition 
pumped by hermetic compressor is directed into 
flow bench type pressure chamber where variety of 
orifices is installed and pressure drop is measur-
ed directly. 
Compressor and flow bench are installed in series 
on standard calorimeter which measures capacity 
and refrigerant mass flow of tested compressor. 
Local resistance coefficient of test orifice is 
obtained. 
Variety of port configurations are tested for 
details of inlet and outlet edge influence on 
pressure drop. 
Port Inlet - bellmouth radius 
- sharp edge 
- counterbore and bore finish 
- chamfer 
Kidney Shaped Inlet 
Tube Inlet - plain 
- flared 
Gas Flow through Port and Valve - effects of 
sculpturing of the outlet 
The method and the results proved valuable in 
understanding of gas flow and porting of 
compressors. 
INTRODUCTION 
With increase in cost of electric energy came the 
need to produce more efficient compressors at 
minimum cost. There is only a limited number of 
areas where improvements can be made: 
1) Electrical - more efficient and expensive 
motors 
2) Mechanical - Thermodynamics 
- Choice of Refrigeration 
- Friction Losses in Bearings 
- Gas Flow Losses 
Streamlining of gas flow passages has the ponten-
tial of being the most economic way of producing 
an improvement. 
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A direct method of measuring the effects of stream-
lining was needed. Relatively large changes 
producing a minimum of 1.0% change in compressor 
.performance can usually be detected in standard 
calorimeter testing in one or two tests. Changes 
of 0.5 to 1.0% may require multiple testing and use 
of test data reduction to standard condition by 
means of lab computer. 
Since normal calorimeter accuracy is in the range 
of + 1%, changes below 0.5% are hard to detect. 
After the major improvements have been made, one 
has to refine detecting technique for the smaller 
improvements. 
Pulsating gas flow in compressor and addition of 
oil (around 0.3%) makes the use of data obtained 
for steady state flow of air and meter adequate 
only for estimation. 
The best approach was to test directly the actual 
port configuration under actual flow conditions of 
hermetic compressor. 
A flow bench allowing placement of t·est port in 
















Figure 1. Flow Bench Schematic Diagram 
Test chamber made of two halves allowing insertion 
of 2" diameter orifice plate is piped into discharge 
line from the compressor as shown in Fig. 1. 
Thermocouple TC and pressure gage PG measure gas 
conditions on inlet side. Glass manometer GM -
600 .psi rating, 1000 mm U-tube filled with Mercury 
measures pressure drop across the test orifice. 
During the test space above Mercury in glass tube 
quickly fills up with liquid refrigerant, density 
of which must be deducted from density of Mercury 
for pressure drop determination. 
Both connections from test chamber t·o manometer are 
made with capillary tubing kept at same height and 
sloping toward manometer. Height of capillary 
above test chamber must be kept at minimum. These 
steps were found necessary to avoid error caused by 
fluctuating liquid refrigerant in larger tubing. 
Test chamber can be by-passed for change of orifice 
without stopping compressor. After bleeding of 
refrigerant from the flow bench the front portion 
of test chamber is disconnected from piping at the 
unions, unbolted to gain access to orifice plate 
for exchange. 
This setup allows 6 to 8 tests during an 8 hour 
shift with compressor running at or near steady 
state condition. 
Compressor discharge pressure tap is located down-
stream from flow bench, so that apart from obtain-
ing pressure drop reading for the orifice, relative 
influence on compressor performance can be obtained. 
This is particularly useful in serial testing of a 
feature to map out relative position of pressure 
drop minimum to best performance of compressor. 
TEST PROCEDURE AND COMPUTATIONS 
Bristol Compressors "B" model 2-cylinder hermetic 
compressor was used in all tests. Testing condi-
tions were set at 45"F evaporator, 130°F condenser, 
ll5°F liquid subcooling, 95°F return gas, and 95"F 
ambient using R-22 refrigerant. Resulting pres-
sures are: Suction 90.7 psia, Discharge 311.6 psia, 
230 volt, 1 phase, 60 Hz. current used with com-
pressor speed at 3450 RPM. Standard secondary 
refrigerant calorimeter was used with cooling 
capacity of the compressor measured by means of 
Watthour meter recording power consumed by heating 
elements in evaporator. 
Motor power was measured by means of Wattmeter. 
In addition, flow bench test data were recorded. 
Data consisted of number and diameter of the ori-
fice tested, tests pressure and temperature in 
inlet half of test chamber. also pressure drop 
across orifice. 
Units used: test pressure - psi 
test temperature - deg F 
pressure drop - mmHG 
orifice dia. - in. 
Results of test were fed into laboratory computer 
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to yield: -mass flow of refrigerant, lbs/hr 
- capacity of compressor at standard 
condition, BTU/Hr. 
- performance of compressor, BTU/WHr. 
- specific volume of gas, cu. ft./lb. 
(at orifice test condition) 
- gas viscosity, centipoise 
- Reynolds number, dimensionless 
- resistance coefficient, K 
Equation of state (l)* was used to determine 
specific volume of gas. Vapor viscosity is calcu-
lated from equations published by Dupont (2). 
)lo 0.0011076 ,/'f"" - 0.01267 where: 
)lo viscosity at one atmosphere in centipoises and 
T = °F + 459.67 
This viscosity is further corrected as per chart 
from Matula and Witzell (2) for high pressures. 
For R22 this chart is regressed into equation: 
l )l/)lo = 0.9965 + 0.0272 · q where q = - vapor v density lbs/cu. ft. 
Reynolds number is calculated from equation: 
Re = d x Gh where d 
A · 2.42 orifice diameter, ft. A = orifice cross section, 
sq. ft. 
Gh = mass flow, lbs/hr. 
)l = vapor viscosity, cp 
l cp = 2.42 lb/hr. ft. 
Pressure drop is converted from manometer reading 
in mmHg corrected for density of liquid refrigerant. 
Specific gravity of Mercury yH = 13.5091 g/cm3 at 
35°C (95"F). 
Specific gravity of liquid R22 yL = 71.7 lb/ft3 
1.1458 g/cm3 at 95°F. 
yM = 12.3606 g/cm3 becomes manometer density. 
This translates into: 
1 lb/in2 104/(12.3606 x 14.223) 
~p (psi) ~p (mm)/56,881 
Vapor velocity is obtained: 
W = Gh . V . 144 (ft/sec) 
A · 3600 
56.881 mm and 
where, Gh and F as above and V- cu. ft./lb test 
vapor density. 
Pressure drop across orifice: 
p = K w
2 (lbs/in2) 2gV · 144 
where, g = 32.17 ft/sec. 2 
K factor (or K for short) contains- one velocity 
head (K = 1) of gas passing through the orifice. 
In all further graphs and tables total pressure 
drop and total K is presented. 
* ( ) Reference number 
RESULTS 
A. Circular Port In Plate 
Al. Inlet Step . 018" Constant Depth, Varying Width 
Port I.D. - .343" 
Gh ~ 371 lbs./hr. 
Re "' 335,000 
W 36.7 ft/sec 
)l .0204 cP 
v .2286 cu. ft./lb. 
~ 
1 
~ ~1= 371 lb•/hr. R22 
. 343 Dia. 
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0 0 .005 .010 .015.020 .025 .030 .035 In. 
X - Step Depth 
Figure 6. Resistance Coefficient K For Varying 
Step Depth 
A3. Inlet With Bellmouth Radius - Full and 
Partially Ground Off 
This series of tests was conducted to determine 
how much of the radius can be removed without 
affecting the performance. 
Ground Flow 373 lbs/hr. R22 
W '"' 36.7 ft/sec. 
.343 Dia. 
Figure 7. Inlet Bellmouth Radius -Partially-I 
5 I D. Ground Off 
0 I X - st p wi( th 
0 .005 .010 .015 .020 .025 In. 
Figure 3. Resistance Coefficient K 
Varying Step Width - Constant Depth 
Regression of tests results yields equation (1) 
K = 1. 74 - 77x + 2350 . :;:,2 for clean cut step. 
In Fig. 3 note deterioration of coefficient for 
machining burrs left on edges of inlet. 
A2. Inlet Step Width Constant - Varying Step Depth 
2a. 
Figure 4. Inlet Step Constant Width 
Varying Depth, Sharp Corner 
tF1ow 371 lbs/hr R22 
i 
Figure 5. Inlet Step Constant Width 
Varying Depth, Fillet Radius 
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To make the results of this test directly compar-
able with other inlet step configurations the "X" 
width of remalnlng radius was used as independent 
variable (see Fig. 7) 
j K - Resistance Coefficient 
2.0~--,---~---.----r---~------~ 





.005 .010 .015 .020 .025 .030 .060 In. 0 
X - step width 
Figure 8. Resistance Coefficient K For Partially 
Ground Off Inlet Bellmouth Radius 
Of .060" radius, 2/3 can be ground off without 
perceptible loss. 
Below .020" width the inlet step of varying width 
produces somewhat better results (Fig. 3 and Fig.S) 
Of interest is the fact that drilled port having 
I.D. finish of approximately 125 micro-inch re-
sulted in lower pressure loss than reamed port (32 
micro-inch approx.) 
A4. Inlet With 45° Chamfer, Varying Width of 
Chamfer 
X 371 lbs/hr R22 
48 ft/sec 










0 .010 .020 .030 .040 .050 .060 .070 In. 
Figure 10. Resistance Coefficient K For Varying 
Chamfer Width 
X 
.Flow 371 lbs/hr. 
,_+~:J;-----r-- . 3 2 5 
.298 
Figure 11.. Inlet With Counterbore and Chamfer 
W = 48 ft./sec. 
Re = 388,000 for .298" port diameter 
Summary of inlet edge sculpturing in circular port. 
Tested 
1. Sharp Inlet K 0.8 
2. Bellmouth Inlet K = 0.1 
Common Practice 
K 0.5 
K = .OS 
Table 1. Comparison of K Values From This Series 
of Tests Versus Common Practice 
The higher volumes of K obtained in this series of tests can be attributed to small bore sizes used 
and perhaps pulsating flow of gas. 
Typically the compressor would produce discharge gas pulse in 92 to 96 Decibell range. (2.25 psi to 3.5 psi peak to peak amplitude). 
The measured pressure drops were in the range of 0.7 psi to 2.0 psi, so pressure pulsation influence could be significant. 
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The findings as reported are specific to this 
series of tests. It would take more testing to derive generally applicable rules. 
Bl. Kidney Shaped Port - Inlet Configuration 
.146 Wide Slot 
Figure 12. Kidney Shaped Port 
Three configurations were tested at mass flow of 371 lbs/hr. 
Velocity W = 24.8 ft/sec. 
Re = 276,000 
Results are tabulated below. 
1. Sharp Edge Inlet 
2. Rounded Inlet .060 R 





Table 2. Resistance Coefficient K in Kidney 
Shaped Port 
These results are very much in line with those 
obtained for circular port. 
Equivalent port diameter was used resulting in true port velocity. 
C. Projecting Tube Inlet 
Cl. Plain Inlet 




Tubing .028 Wall 
Figure 13. Projecting Tube Inlet 
Inside diameters tested were .256" and .317". 
Additionally the .256" I.D. tube was reversed to 
project square wall thickness into the gas flow. 
Wall HKII Velocity Reynolds 
I. D. Angle Coef. Ft./Sec. Number 
.317 45° 1.62 43.1 364,000 
.256 45° 1. 59 65.3 450,000 
.256 90° 1.47 65.4 450,000 
Table 3. Resistance Coefficient K Values For 
Projecting Tube Inlet - Plain End 
Note that commonly used (3) value for K in this 
case is K~l.O versus around 0.6 obtained here. 








Figure 14. Projecting Tube - Flared Inlet 
O.D. Flare K Coefficient 
.312 (none) 1.55 
. 340 1.15 
.355 1.15 
.387 1.18 
Table 4. Resistance Coefficient K Values For 
Flared Tube Inlet Projecting Inward 
(Fig. 14) 
Gas Velocity W = 65.6 ft/sec. 
Re = 450,000 




i\ I I 1.5 
1.0 
0.5 
Proje cting Edge O.D. 
0
. 25 . 30 . 35 . 40 
Figure 15. Resistance Coefficient K For Inward 
Projecting Tube as a Function of 
Projecting Outer Edge Diameter 
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Fig. 15 is a graphic presentation of projectiing 
tube inlet tests for .255/.256" inside diameter. 
D. Gas Flow Through Port and Valve 
In this series of tests the inlet port configura-
tion was full bellmouth radius .060" in plate .148" 
thick. 
The outlet position of port was formed in variety 
of ways. Steel reed valve .012" thick, .422 wide 
with cantilevered length from support to port 
center L = .710". 
The valve was secured to the plate by means of 
steel backer and screw, to approximate the operat-
ing position of valve in compressor. 
Flow 
Figure 16. Reed Valve Arrangement For Flow Bench 
Testing 
Dl. Plain Outlet, No Trepan, Constant Mass Flow 
369 lbs./in. 
Port Dia. Gas K Pressure 
In . Velocity Re Coef. Dro:e (:esi) 
.297 47.4 385,000 6.96 7.63 
.331 38.9 345,000 7.85 5.66 
. 343 36.2 332,000 9.20 5.75 
Table 5. K Coefficient and Pressure Drop- Reed 
Valve Over Plain Outlet 
Note leveling of pressure drop at .331 in. port 
diameter. 





Flow 369 lbs/hr. 
Reed Valve Over Port with Trepan On 
Outlet 
Pressure 
Port Dia. Seat O.D. Velocity K Drop 
In. In. ft/sec. Coef. J:>Si 
.297 .380 47.5 7.91 8.6 
.331 .419 38.9 8.61 5.21 
.343 .406 36.3 10.50 5.58 
Table 6. K Coefficient and Pressure Drop for Plain 
Outlet with Trepan 
Note pressure drop for this case is higher by about 
12% compared with no trepan outlet. 
This is probably due to the fact that trepan pre~ 
vents conversion of dynamic pressure of gas expand-
ing between valve reed and plate into static 
pressure. 







Mass Flow 369 lbs/hr. 
Figure 18. Reed Valve Over Port with Outlet 
Counterbored and Trepan. Remaining 
Dimensions Same as Figure 17. 
Port Seat Pressure 
Dia. C'Bore O.D. Velocity K Drop 
In. In. In. Ft/sec. Coef. tesi) 
.297 .329 .380 47.9 5.06 5.57 
.331 .359 .419 38.9 6.91 4.98 
.343 . 375 .406 36.4 7.30 4.58 
Table 7. K Coefficient and Pressure Drop for 
Counterbored Outlet ·with Trepan 
Note overall pressure drop reduction of around 20% 
compared to Table 5. 
04. Counterbored Outlet Without Trepan 
Dimensions as per Figure 17 and Figure 18 
Port Dia. C'Bore Velocity K Pressure 
In. In. Ft/sec. Coef. Dro12 (psi) 
.297 .329 48.3 5.78 6.43 
.331 . 359 39.2 5.65 4.11 
.343 .375 36.4 8.22 5.19 
Table 8. K Coefficient and Pressure Drop for 
Counterbored Outlet Without Trepan 
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Overall pressure drop reduction to Table 5 is 
around 17%. 
As can be seen from comparison of different outlet 
configurations the tests conducted indicate that 
substantial improvements can be made in valve 
porting. The flow bench tests points into promis-
ing directions to be later proven in operating 
compressor. 
SUMMARY 
Inlet port and tube test results appear conclusive 
enough to indicate comparative merits of each 
configuration. 
The flow bench technique employing actual gas and 
elements of porting can be recommended where fine 
tuning of design is needed. 
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